Spatial characteristics of atrial activation were analyzed in arrhythmias displaying a ventrimlo-atrial sequence of excitation: junctional rhythm with preceding ventricular activation, "reciprocal" atrial beating, complete or high-grade A-V block with ventriculoatrial response and venlricular extnqstoles with ventriculoatrial response. It was found that the coupled P waves were markedly dissimilar with regard to their polarity and vectorial characteristics. Vectorial analysis suggested that the c o w of the anomalous atrial activation is consistent with an A-V nodal origin of impnlses in a minority of cases only, w h i l e in the majority the depolarization process appeared to originate in various portions of both atria This interpretation is in codiict with the theory postulating retrograde conduction of impulses through or from the A-V node as the basic mechanism of ventrimlo-atrial excitation, and raises the possibility that the "retrograde" P waves are frequently due to stimuli origioating h various automatic atrial centers induced, in some way, by the preceding ventriculat activity.
T h e diagnostic criteria for atrioventricular rhythm (A-V rhythm, A-V junctional rhythm, A-V nodal rhythm) have traditionally been based on P wave alterations in the extremity leads. However, when such rhythms, characterized by inversion of the P waves in leads 11, 111, and aVF, are For editorial comment, see page 2 analyzed in the precordial leads, the configuration of atrial deflections does not follow a uniform pattern. Thus, one may encounter three distinct precordial patterns:'**
( 1 ) Negative, isoelectric, or isodiphasic P waves in lead V1 and upright P waves in the left precordial leads ( Fig 1 ) . (2) upright P waves in-the right precordial leads and inverted P waves in the left precordial leads (Fig 2) . of impulses. However, when it points anteriorly, superiorly, and to the right as in pattern (2) it has been suggested that the pacemaker is located postero-inferiorly in the left atrium;' and when it points posteriorly, superiorly, and to the right as in pattern (3), the postulated pacemaker site is anteriorly and inferiorly in the left atrium. 2 The concept that many rhythms which by conventional criteria would be considered as originating in the A-V junction are in fact initiated in the left atrium deserves critical scrutiny at various levels. While final proof or disproof will have to be established on the basis of experimental evidence, valuable additional information may be obtained through study of clinical tracings.
Since previous observations1-a were made in cases in which the P waves preceded the QRS complex, Marriott' suggested a survey of the precordial P waves in patients with A-V rhythm in which the P waves follow the QRS, because "there is perhaps greater assurance of the A-V origin of atrial waves when they follow the QRS in constant relationship than when they precede it."
This pertinent suggestion has been followed, and during the last few years a search has been made for clinical tracings displaying A-V nodal rhythms characterized by atrial complexes which follow the ventricular complexes at a fixed interval, the atrial cycle length being identical to the ventricular cycle length.
In addition, other arrhythmias which may display a similar venticulo-atrial sequence of activation and in which it is acce~ted that the im~ulses enter the atria from or thmGgh the A-V nod; such as reciprocal beating of the atria, advanced or complete A-V block, and ventricular extrasystoles have also been surveyed. The P waves were studied for their polarity and configuration and analyzed vectorially according to principles defined in detail in a previous paper.*
The purpose of this communication is to present the results of such a study and to discuss their pos- sible implications. To our knowledge, no similar investigation has as yet been reported in the literature.
A. A-V nodul rhythms with preceding oentricuhr activation Eight cases were available for analysis. Four different P wave patterns were observed in this group. The first three were similar to those previously observed in A-V rhythm with preceding atrial activation. The representative examples are reproduced in Figures 4 to 7.
Figure 4 displays inverted P waves in leads 11, 111, aVF, as well as in the right precordial leads; Figure 5 exhibits typically inverted P waves in the extremity leads, but the precordial P waves are upright in V1, Vt, and inverted in Vl-V6. Consequently, the mean P vector points superiorly, anteriorly, and to the right. The characteristics of atrial activation are similar to those present in Figure 2 .
The electrocardiogram shown in Figure 6 is characterized by P wave inversion in all the precordial leads as well as in 11, 111, and aVF. These changes are similar to those seen in Figure 3 . Vectorial analysis suggests a superior, posterior, and rightward spread of activation.
The tracing reproduced in Figure 7 differs significantly from the previous recordings in that the P waves are uprigit in the extremity leads as well as in leads Vs-Va. The mean P vector is directed inferiorly, anteriorly, and to the left. These P waves are quite similar to those observed in sinus beats or sinus rhythm. It is impossible to say whether this arrhythmia is sinus rhythm with first degree A-V block or a junctional rhythm with ventriculo-atrial activation. However, this tracing is included in the present study because a similar ventriculo-atrial sequence of activation with upright P waves in leads 11, 111, and aVF has been observed in several arrhythmias where first degree A-V block can safely be excluded (Fig 8,10,14, and 15 This diagnosis requires a brief definition. It is generally accepted that due to unidirectional conductivity in some fibers of the depressed A-V junction, a sinus or auricular impulse can be reflected in the A-V node on its way to the ventricles and re-enter the atria in a retrograde directionP4 Therefore, the diagnosis of reciprocal beating of the atria is usually considered when a QRS complex is sandwiched between an atrial deflection and a coupled retrograde P wave. In addition, the diagnosis may even be considered when the coupled P wave is upright because, according to Waldo and associates: " . . . In the third example, only lead I1 is available (Fig 10) . This record is, however, of importance because the "reciprocal" atrial beats are upright in this lead. Such a polarity suggests an inferior orientation of the atrial electrical forces. the identity of P-P and R-R intervals over a range of ventricular cycle lengths and by a constant temporal relationship between the ventricular complex and the P wave" rather than by the morphology of the P wave.
Three cases in which the diagnosis of "reciprocal" atrial beating was considered are presented. The term "reciprocaln is in quotation marks because in these cases an alternate mechanism may play a role.
The first case is shown in Figure 8 . The lower strip (lead I ) demonstrates a normal sinus rhythm at 90 beats per minute with a P-R interval of 0.22 sec. The sinus P waves are indicative of left atrial hypertrophy. The striking feature of this tracing is represented by atrial deflections which follow the QRS complex with an R-P interval of approximately 0.15 sec. These deflections are upright in leads 11, 111, and aVF, inverted in I, aVL, V3-V6. The P wave in lead V1 displays a "dome and dart" configuration. The mean P vector points inferiorly, anteriorly, and to the right.
The second tracing is shown in Figure 9 . In this case the "reciprocal" atrial beats are inverted in leads 11, 111, and aVF, as well as in Va through Vg; they are upright in lead V1. The mean P vector of these beats is oriented superiorly, anteriorly, and to C . Complete or high-grade A-V block with ventriculo-atrial excitation.
Only two cases were available for analysis. In the first the P waves which are coupled to the QRS complexes are inverted in leads 11, 111, aVF, as well as in all the precordial leads. Such P wave polarity is similar to that present in Figures 3 and 6 . The second case is reproduced in Figure 11 . The ventricular complex is followed by sharply inverted P waves with -an R-P interval of 0.06 sec. Simultaneous leads (Fig 12) disclose that the "retrograde" P waves are inverted in 11, 111, aVF, V4-V6, and upright in V1 and VZ. A close examination of lead V1 suggests that th,e P wave which starts 0.06 sec. after the beginning of the QRS complex displays a "dome and dart" configuration. Vectorial analysis of the anomalous P waves reveals a superior, anterior, and rightward direction of the activation process similar to that present in Figures 2, 5, and 9.
D. Ventricular extrasystoles with uentriculo-atrial
excitation. This rhythm disturbance is quite common and 16 such cases were available for analysis. In general, all the P wave patterns encountered in the other arrhythmias reported herein were also observed in this group. Three representative tracings will be shown. Figure 13 displays atrial beats originating probably in the left atrium and normally conducted to the ventricles. These beats are followed by ventricular extrasystoles with coupled atrial deflections of similar form and polarity as the conducted P waves. The R-P interval is 0.11 sec. The direction of the mean P vector is identical in the conducted and in the "captured" atrial beats and suggests superior, anterior, and rightward spread of the depolarization process similar to that observed in Figures 2, 5 and 9. Figure 14 shows ventricular beats followed by atrial deflections which are upright in leads I and aVF, and inverted in all the precordial leads. The P vector points inferiorly, posteriorly, and to the right. Similar P wave patterns have previously been reported.* Figure 15 exhibits in each lead a normally conducted sinus beat and two ventricular extrasystoles originating in different foci. While the second extrasystole is followed by atrial deflections which are inverted in leads 11, 111, V5, Vs, and probably lead I, the P waves coupled to the first extrasystole are There were good reasons, therefore, to anticipate in arrhythmias characterized by a ventriculoatrial sequence of excitation and in which the impulses presumably enter the atria from the A-V node, a superior, leftward, and posterior orientation of atrial electrical forces and, accordingly, a rather uniform P wave pattern in the precordial as well as in the extremity leads. Surprisingly, this was not the case. As our results demonstrate, the P waves which follow the QRS complexes in the studied cases are markedly dissimilar with regard to their polarity and vectorial characteristics. While their configuration was occasionally consistent with that expected in impulses originating in the A-V node or its vicinity, in most instances the P waves were similar to those described in various types of left atrial rhythms (Fig 5, 6, 8, 9, 12, 13, 14, 15 ) or to those observed in sinus rhythm (Fig 7,10 and 15 ).
There is bound to be much difference of opinion as to how these observations should be interpreted. It seem& that two alternative interpretations should be taken into consideration. The first is based on vectorial analysis of the anomalous P waves which follow the QRS complexes at fixed intervals. This analysis suggests that the course of the anomalous atrial activation is consistent with an A-V nodal origin of impulses in a minority of cases only, while in the majority the depolarization process seems to originate in various portions of the left and the right atrium. This, in turn, invites the hypothesis that the abnormal P waves might frequently be due to stimuli originating in various automatic centers in the atria and induced, in some way, by the preceding ventricular excitation. Such a hypothesis is in contrast with the prevailing theory postulating in the arrhythmias under consideration retrograde conduction of impulses through the A-V node, but has the advantage that it explains both the spatial characteristics of atrial activation and the ventriculo-atrial sequence of excitation on the same basis. The concept that the ventricles are able to stimulate potential atrial pacemakers had already been advanced in the early days of electrocardiography by those who could not conceive that retrograde conduction can occur in complete forward block.laJ4 The working hypothesis as suggested by the present study represents an extension of this concept to a large group of arrhythmias in which a ventriculoatrial sequence of excitation is the outstanding feature.
An alternate interpretation of our findings is suggested by Waldo and associates* assertion that The crucial difference between these two approaches resides in the divergent assessment of the value of P wave configuration in the identification of the site of origin of impulses. Because of ow conviction that vectorial analysis of the P waves represents the key to the understanding of atrial electrical activity in its natural tridimensional context, and because the results of such an analysis are sdliciently accurate to be useful for clinical purposes, only the first interpretation appears acceptable to us. There is enough evidence to support the view that the same principles of analysis currently used for evaluation of ventricular depolarization and repolarization can safely be extrapolated to the study of atrial activation. For example, the vectorial approach has proved essential in clarifying the nature of the P wave changes in various types of atrial overl~ading.l~-~" Vectorial analysis was also instrumental in elucidating the significance of the "dome and dart" P waves." These distinctive deflections have been interpreted as indicating a posteriorly located left atrial pacemaker and the evidence is now conclusive that a similar P wave configuration can be reproduced by left atrial stirnulation in dog and in man."'-4 Furthermore, the remarkable constancy in the orientation of the mean atrial vector in sinus rhythm is worth emphasizing. This vector points downward, forward, and to the a direction in harmony with the location of the sinus node; when the sinus node is located on the left as in mirror-image dextrocardia, there is a corresponding mirror-image shift of the vector to the right." This point also demonstrates that regardless of whether one conceives the spread of the atrial impulse as a radial phenomenon or as a spread through rapid preferential pathways as postulated by Jame~,~"he direction of the mean vector remains consistent with the site of impulse formation. Finally, at the experimental level, a high degree of correlation has been found between the direction of the resultant vector and the site of stimulation both in dogs and in man. 24.27 It should be emphasized however, that the direction of the spatial vector as determined from the surface electrocardiogram must be regarded as a crude approximation rather than a perfect image of the average orientation of atrial electrical forces.
The vectorial approach has limitations sufficiently important to make any inferences only suggestive rather than conclusive. These limitations have been detailed in a previous r e p~r t .~ On the other hand, they do not seem to be more serious than those inherent in other electrocardiographic concepts used with benefit at the clinical level. The fact remains that vectorial analysis of the P waves is the only method available by which one may obtain an approximate idea of the tridimensional character of atrial electrical activity from body surface leads.
The working hypothesis that has emerged from the present study finds additional support in a series of clinical and experimental observations dMcult to reconcile with the conventional concept that ventriculo-atrial sequence of activation always results from retrograde propagation of a ventricular or junctional impulse toward the atria through the A-V node. 1. Although a viable conduction system is essential for retrograde transmission of impulses, this is clearly not present in advanced or in complete A-V block. In order to explain the mechanism by which retrograde activation occurs when antegrade conduction is completely disrupted, one has to assume that antegrade and retrograde pathways are not necessarily identical and that impulses ascending from the ventricles may still progress toward the atria iq spite of the fact that the antegrade path is blocked. This assumption, however, does not explain some classic experimental observations. For example, Cullis and DixonZH showed the persistence of a ventriculoatrial sequence of excitation after complete section of the A-V node in the rabbit. Similarly, in surgically induced complete A-V block in iso- initial activation of the lower atrial regions with later activation of the sinus node area would be expected. However, in reciprocal atrial beats produced by Wallace and DagetP3 during vagal stimulation in dogs, two types of activation were found, one consistent with the above assumption, and a second characterized by initial activation of the S-A node region. Both patterns of activation were shown to occur in the same animal. Although other explanations are conceivable, these findings are consistent with the idea that more than one atrial pacemaker was, in fact, stimulated in these experiments. 4. The conventional explanation of reciprocal atrial beating demands a prolonged A-V conduction time, sufficient to permit recovery of the return path~ay."~' However, in several published examples of this arrhythmia the P-R interval is not pr~longed.:~"" Even in the case reported by Moe and associatess7 as "a striking example of atrial reciprocal beat," the P-R interval did not increment beyond 0.16 sec and in at least one reciprocal beat was only 0.11 sec. In our three cases the P-R interval was 0.22 sec (Fig 8) , 0.17 sec (Fig  9) , and 0.16 sec and 0.17 sec (Fig 10) . The question therefore arises whether our cases are indeed reciprocal atrial beats or whether an alternate mechanism exists. 5. Retrograde conduction in the mammalian heart is slower than antegrade cond~ction.~ One would anticipate, therefore, in advanced or complete A-V block with idioventricular rhythm, an R-P interval longer than the P-R interval when antegrade conduction occurs. However, in several instances of complete A-V block with retrograde atrial activation from presumably ectopic ventricular centers (idioventricular as opposed to idionodal rhythm), the R-P interval is surprisingly short, shorter than the antegrade conduction of the sinus impulses in these cases.? Furthermore, at least two published tracings (ref-
erence 38, Fig 6, and reference 39, Fig 5) demonstrate that the P-R interval of the conducted sinus beat in advanced A-V block is longer than the stimulus-to-P' interval (R-P') during ventricular pacing. 6. The observation of "dome and dart" P waves in one of our cases (Fig 8 ) and possibly in a second (Fig 12) is noteworthy. These distinctive P waves are highly suggestive of a posteriorly located left atrial p a~e m a k e r .~.~l -*~ Their presence in instances of ventriculo-atrial excitation is difficult to explain in the light of the conventional concept. The above considerations demonstrate several weaknesses in the conventional concept explaining the ventriculo-atrial sequence of activation exclusively by retrograde conduction, and indicate a need for its reappraisal. By viewing these rhythm disturbances more as an abnormality of impulse formation rather than of conduction, the alternate hypothesis postulating stimulation of potential atrial pacemakers by the ventricles reduces significantly the number of inconsistencies inherent in the conventional approach. Even if the working hypothesis suggested by this report should subsequently be proved unwarranted, the clinical and experimental observations discussed above might still need an explanation different from that generally accepted.
The precise way in which ventricular stimuli may excite atrial automatic centers as postulated above is obscure. The material presented in this paper and a perusal of the literature shed little light on this problem. Those few investigators who had previously advanced a similar hypothesis to explain the occurrence of retrograde P waves in complete A-V block, suggested that the stimuli might be of mechanica11"14 or of e l e c t r o t~n i c~~ nature. However, experimental work in this field is scant and much remains to be elucidated.
